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ORQJVKRUWDQGXOWUDVKRUWSXOVHUHJLPHVKLJKDQGORZSRZHU*DXVVLDQEHDPGLVWULEXWLRQVIRUKLJKSRZHUGHQVLW\
DQGIODWWRSGLVWULEXWLRQVIRUJUDGXDOKHDWLQJRIODUJHVXUIDFHV
$PRQJ WKHVH QHZHU DSSOLFDWLRQV ODVHUEDVHG PDWHULDO GHSRVLWLRQ VKRZV SRWHQWLDO LQ D QXPEHU RI QHZ
DSSOLFDWLRQV,QWKLVFDVHHQHUJ\GHOLYHUHGE\WKHEHDPLVH[SORLWHGWRPHOWDILOOHUPDWHULDOLQWKHIRUPRIZLUHRU
SRZGHU WKDW LV WKHQGHSRVLWHGRQWR D VXEVWUDWH7KH DSSOLFDWLRQRI WKLV WHFKQLTXHKDVJDLQHGSDUWLFXODU LQWHUHVW LQ
WKUHH PDLQ VHFWRUV DGGLWLYH PDQXIDFWXULQJ VXUIDFH OD\HU GHSRVLWLRQ DQG UHSDLU RU UHFRQVWUXFWLRQ RI GDPDJHG
H[SHQVLYHFRPSRQHQWV,QWKHILUVWFDVHPDWHULDOLVGHSRVLWHGLQDOD\HUE\OD\HUIDVKLRQWRIRUPDFRPSOHWHSURGXFW
ZLWK WKH SRVVLELOLW\ RI FUHDWLQJ JHRPHWULHV WKDW DUH GLIILFXOW RU LPSRVVLEOH WR SURGXFHZLWK WUDGLWLRQDO VXEWUDFWLYH
PDQXIDFWXULQJPHWKRGV ,Q WKH VHFRQG FDVH D OD\HU RIPDWHULDO LV GHSRVLWHG RQ DQ H[LVWLQJ VXEVWUDWH WR HQKDQFH
VSHFLILF VXUIDFH FKDUDFWHULVWLFV VXFK DVZHDU RU FRUURVLRQ UHVLVWDQFH KDUGQHVV RU WULERORJLFDO EHKDYLRU5HSDLU RU
UHFRQVWUXFWLRQ RI GDPDJHG SDUWV RQ WKH RWKHU KDQG VHHV WKH GHSRVLWLRQ RI PDWHULDO RQO\ ZKHUH JHRPHWULF
UHFRQVWUXFWLRQ LV UHTXLUHG 7KLV ODVW DSSOLFDWLRQ KDV EHHQ ZLGHO\ VWXGLHG RYHU WKH SDVW WHQ \HDUV DV LW DOORZV
UHVWRUDWLRQRI WKH IXQFWLRQDOLW\RI FRPSOH[DQGH[SHQVLYHFRPSRQHQWV VXFKDV WXUELQHV DLUFUDIW HQJLQH LPSHOOHUV
PROGVDQGGLHVIRUIRUPLQJDQGVWDPSLQJPHWDOVDQGSRO\PHUV5HVHDUFKHIIRUWVLQWKHILHOGKDYHEHHQGHYRWHGWR





DQG LQFUHDVLQJ WKH QXPEHU RI SRWHQWLDOO\ GHSRVLWDEOHPDWHULDOV 6XQ HW DO  GHPRQVWUDWHG WKH SRVVLELOLW\ RI
XWLOL]LQJ KLJK VWUHQJWK VWHHOV IRU UHSDLULQJ DHURQDXWLFDO FRPSRQHQWV DVVHVVLQJ WKH HIIHFW RI GHSRVLWHG OD\HUV DQG
UHODWHGSRVWSURFHVVKHDWWUHDWPHQWVRQIDWLJXHEHKDYLRU5RWWZLQNHOHWDOVWXGLHGWKHSRVVLELOLW\RIUHSDLULQJ
VLQJOH FU\VWDO QLFNHO VXSHUDOOR\ WXUELQH EODGHV DVVHVVLQJ WKH SRVVLELOLW\ RI JHQHUDWLQJ FUDFNIUHH GHSRVLWV E\
SUHKHDWLQJFRPSRQHQWV.DWWLUHHWDOVWXGLHGWKHSRVVLELOLW\RIGHSRVLWLQJKLJKFDUERQVWHHOSRZGHUVRQ+
WRROVWHHOVKRZLQJWKDWDVRXQGGHSRVLWHGOD\HUZLWKDPD[LPXPKDUGQHVVRI+9FDQEHDFKLHYHGE\FRUUHFWO\
VHOHFWLQJ WKH SURFHVV SDUDPHWHUV /HZLV HW DO  SURSRVHG WKH SRVVLELOLW\ RI UHSDLULQJ DQG HQKDQFLQJ ZHDU
UHVLVWDQFH RI D 5 QRQDOOR\ &0Q UDLO VWHHO E\ H[SORLWLQJ GLIIHUHQW GHSRVLWLRQ PDWHULDOV KLJK& KLJK0Q
³+DGILHOG´ VWHHO 6WHOOLWH 0DUDJLQJ VWHHO DQG$,6,  VWDLQOHVV VWHHO $OO RI WKH GHSRVLWV H[KLELWHG LPSURYHG
UROOLQJFRQWDFWIDWLJXHOLIHZKLOHWKHPHFKDQLFDOFKDUDFWHULVWLFVYDULHGDVDIXQFWLRQRIWKHVSHFLILFSRZGHUXVHG/LQ
SURSRVHGSURFHVVSDUDPHWHURSWLPL]DWLRQ WKURXJKVWDWLVWLFDOPHWKRGV IRU UHSDLULQJ$,6,VWDLQOHVV VWHHO
WXUELQHEODGHV3D\GDVHW DO  IRFXVHG LQVWHDGRQ7L$O9GHSRVLWVZLWKSDUWLFXODU DWWHQWLRQRQ WKH UROHRI
SURFHVVSDUDPHWHUVDQGHQHUJ\GHOLYHU\RQWKHILQDODFKLHYHGPLFURVWUXFWXUH7KH\REVHUYHGWKDWDORZLQSXWHQHUJ\
FRQWULEXWHVWRWKHIRUPDWLRQRIDPRUHKRPRJHQHRXVPLFURVWUXFWXUH/LXHWDOSUHVHQWHGDVWXG\FRQFHUQLQJ
JURRYH GHIHFW UHSDLULQJ RI 7& WLWDQLXP DOOR\V GHPRQVWUDWLQJ JRRG PHFKDQLFDO FKDUDFWHULVWLFV RI WKH UHVWRUHG












RI&: ODVHU GHSRVLWLRQ RI WLWDQLXP DOOR\V$ELR\H HW DO  GHYHORSHG D SURFHVVPDS IRU SUHGLFWLQJ SURFHVV
FKDUDFWHULVWLFVDVDIXQFWLRQRIYDULRXVSDUDPHWHUVUHODWLQJWR&:ODVHUGHSRVLWLRQRI,QFRQHO:HQHWDO
SURSRVHG RSWLPL]DWLRQ RI &: ODVHU GHSRVLWLRQ RIPDUWHQVLWLF VWDLQOHVV VWHHOZLUHV IRUPROG UHSDLU $ELR\H HW DO
SURSRVHG D VWXG\ IRU LQVHUWLQJ WXQJVWHQ FDUELGH UHLQIRUFHPHQWZLWK&: ODVHUGHSRVLWLRQRI ,QFRQHOZLUHV
GHPRQVWUDWLQJEHQHILFLDOHIIHFWVUHODWLQJWRPHFKDQLFDOFKDUDFWHULVWLFVDQGZHDUUHVLVWDQFHRIWKHGHSRVLW
7KHVHVWXGLHVXQGHUOLQHWKHIDFWWKDWODVHUEDVHGGHSRVLWLRQRIVROLGZLUHVKDVJDLQHGDWOHDVWDVPXFKLQWHUHVWDV
SRZGHUEDVHG GHSRVLWLRQ ZLWK WKH PDMRULW\ RI WKH VWXGLHV GHDOLQJ ZLWK WKH XVH RI KLJK SRZHU FRQWLQXRXVZDYH
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VRXUFHVDQGODUJHGLDPHWHUZLUHV!PPIRUPD[LPL]DWLRQRIGHSRVLWLRQUDWHV,QOLQHZLWKWKHVHFRQVLGHUDWLRQV
WKHSUHVHQWSDSHUGHYHORSVH[SHULPHQWDOFKDUDFWHUL]DWLRQRI ORQJSXOVH ODVHUGHSRVLWLRQRI WKLQZLUHVIRU UHSDLULQJ








PDQXDO ODVHU V\VWHP ZKRVH FKDUDFWHULVWLFV DUH UHSRUWHG LQ 7DE  7KH FKRVHQ EDVH PDWHULDO ZDV D 6WDYD[
PDUWHQVLWLFVWDLQOHVVVWHHOLQWKHTXHQFKHGDQGWHPSHUHGVWDWHZLWKDEDVHKDUGQHVVHTXDOWR+9ZKLOHWKHILOOHU
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DFFRUGLQJ WR WKH IDFW LW LVTXLWH W\SLFDO IRU WKLVFODVVRIVRXUFHVDQG LW LVFRQYHQLHQWO\ IDU IURPWKHPD[LPXPRQH
DFKLHYDEOH E\ WKH 6:$ HTXLSPHQW WKLV VROXWLRQ JXDUDQWHHV WKHPD[LPXP UHSHDWDELOLW\ LQ SXOVH HQHUJ\ DQG
IUHTXHQF\ EHWZHHQ WKH WULDOV$FFRUGLQJ WR WKH FKDUDFWHULVWLFV RI WKHZHOGLQJ VRXUFH WKH H[SHULPHQWDO WULDOVZHUH
SHUIRUPHGLQDVHPLPDQXDOFRQILJXUDWLRQWKHODVHUEHDPZDVPRYHGZLWKUHVSHFWWRWKHZRUNSLHFHE\PHDQVRIWKH
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3.1. First phase 
7KHILUVWH[SHULPHQWDOSKDVHDOORZHGSRLQWLQJRXWWKHUROHRISXOVHUHODWHGSDUDPHWHUVRQWKHPRUSKRORJ\RIWKH
GHSRVLWHGWUDFNV)LJVKRZWKDWJLYHQDFHUWDLQSXOVHGXUDWLRQLQFUHDVLQJWKHSHDNSRZHUFDXVHVDUDSLGLQFUHDVH
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JUDSKV LQ)LJ LQRUGHU WRDFKLHYHGHSRVLWV FKDUDFWHUL]HGE\DJRRG UHLQIRUFHPHQW DQGD ORZSHQHWUDWLRQSXOVH
SHDNSRZHUVKRXOGQRWH[FHHG$FFRUGLQJWRWKHDERYHPHQWLRQHGUHVXOWVWKHVHFRQGSKDVHRIWKHH[SHULPHQWDO
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LV VPRRWKHU DQG D ELW PRUH UHJXODU 7KHVH DVSHFWV DUH GXH WR WKH IDFW WKDW R[\JHQ DQG FDUERQ GLR[LGH SURPRWH
H[RWKHUPLF R[LGDWLRQ UHDFWLRQV GXULQJ WKH SURFHVVZKLFK FRQWULEXWH WR LQFUHDVH WKH KHDW LQSXW DQG FDXVH D ORYHU
VXUIDFH WHQVLRQZLWK HYLGHQW EHQHILWV RQ WKH VPRRWKQHVV RI WKHGHSRVLWV 3DUWLFXODUO\ DGYLVDEOH LV WKH XVH LQ WKLV
GLUHFWLRQRI$U&2PL[WXUHVZKLFKJLYHVLPLODU UHVXOWV LQ WHUPVRISHQHWUDWLRQDQGGHSRVLWLRQTXDOLW\DV$U2
RQHVEXWWHQGWROHDYHDPXFKFOHDQHUVXUIDFHDWWKHHQGRIWKHSURFHVV
&RQFOXVLRQV
7KH SUHVHQW SDSHU DQDO\]HV ORQJSXOVH ODVHU GHSRVLWLRQ RI KDUGHQDEOH DOOR\ VWHHO RQPDUWHQVLWLF VWDLQOHVV VWHHO
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